Abstract The human rho guanine nucleotide exchange factor 11 (ARHGEF11) functions as an activator of rho GTPases and is supposed to influence insulin signalling. We investigated the effects of the previously reported R1467H variant in individual's susceptibility to type 2 diabetes (T2D) and impaired glucose tolerance (IGT) as well as related traits in a German Caucasian cohort. Our study replicated associations of the R1467H with increased risk of T2D or T2D/IGT, thus, implicating a potential role of ARHGEF11 in the aetiology of T2D and IGT.
Type 2 diabetes (T2D) is one of the most common human endocrine disorders. Its aetiology has a strong genetic background, which is still incompletely known. To search for genetic loci that contribute to T2D several genomic linkage scans have been completed worldwide (McCarthy 2003) . One of the strongest evidence for linkage with T2D was centred on chromosome 1q21-q24 and has been widely replicated in populations with various ethnic background (McCarthy 2003) . To identify the genetic variant(s) that gave rise to the linkage to T2D, positional candidate genes that map near 1q21-24 are being analyzed. One such candidate is the ARHGEF11 (rho guanine nucleotide exchange factor 11) gene. ARHGEF11 is an activator of rho GTPases and controls numerous cellular processes, including insulin signalling (Nevins and Thurmond 2005) and insulin secretion (Larsen et al. 2005) . Therefore, ARHGEF11 is also a plausible physiologic candidate gene that might influence individual's susceptibility to insulin resistance and T2D.
Recently, R1467H variant (rs945508) in the ARHGEF11 was reported to be associated with increased risk for T2D and insulin resistance in Pima Indians of Arizona . Furthermore, genetic variation in the ARHGEF11 was shown to be associated with T2D and impaired glucose tolerance (IGT) also in the Old Order Amish ). However, in contrast to the findings in Pima Indians the more common R1467 allele was identified as a risk variant for T2D/IGT in the Amish. This inconsistency in the effects of genetic variants may be due to different genetic backgrounds between the two ethnic groups.
Therefore, in the present study we attempted to replicate the effects of this variant in individual's susceptibility to T2D and IGT as well as its relation to metabolic parameters in German Caucasians.
A total of 685 unrelated patients affected with T2D and 534 non-diabetic individuals were recruited at the University Hospital in Leipzig, Germany. The group of patients with T2D included 377 males and 308 females (mean age 66.2 ± 0.3 years, mean BMI 28.9 ± 0.1). In all non-diabetic patients an oral glucose tolerance test (OGTT) and fasting plasma insulin measurement were performed. The OGTT was performed according to the criteria of the American Diabetes Association (ADA) (Genuth et al. 2003) . The test was carried out after an overnight fast with 75 g standardized glucose solution (Glucodex Solution 75 g, Merieux Ltd, Canada). Venous blood samples were taken at 0, 60 and 120 min for measurements of plasma glucose concentrations. A total of 461 (121 males and 340 females; mean age 47.8 ± 0.5 years, mean BMI 28.6 ± 0.2) out of 534 subjects had normal glucose tolerance (NGT). All 461 subjects were included in the control cohort and had no family history of T2D. All studies were approved by the Ethics Committee of the University of Leipzig, and all subjects gave written informed consent before taking part in the study.
Genotyping of the R1467H was done using the TaqMan allelic discrimination assay (Applied Biosystems, Inc.).
We performed two case-control studies using 461 healthy individuals versus both 685 T2D cases as well as a combined group of cases including 685 subjects affected with T2D and 73 individuals with IGT (T2D/IGT, N = 758). The H1467 variant was significantly more frequent in T2D cases (50.5%) or the T2D/IGT group (50.9%) than in healthy controls (46.0%) (P = 0.004 and P = 0.001, respectively, in an additive model under logistic regression analysis after adjustments for age, sex and BMI; Table 1 ). Thus, our data replicate the initial findings in Pima Indians, suggesting the H allele as the diabetes risk allele . Considering the known Swiss-German ancestry of the Amish, it may be surprising that our present data in German Caucasians confirm the Pima findings rather than those reported in the Amish ). However, because of the relatively small sample size and only a nominally significant association of the common R allele with T2D in the Amish (P = 0.04), we believe that our present findings consistent with those in Pima Indians strongly suggest the role of the variant in the pathophysiology of T2D. Nevertheless, we are aware that additional investigations in independent populations as well as functional studies will be inevitable to clarify the influence of the ARHGEF11 variant on T2D. Also, it cannot be precluded that the R1467H may not be the functional variant, but rather is in linkage disequilibrium with a true functional variant.
Consistent with our finding on T2D, carriers of the diabetes risk allele tended to have a higher mean 2-h blood glucose in the OGTT. Subjects carrying the homozygous major R allele (N = 153) have lower mean 2-h blood glucose levels (5.94 ± 0.12 mmol/l) compared to heterozygous individuals (N = 259; 6.21 ± 0.10 mmol/l) or carriers of two copies of the derived H allele (N = 122; 6.26 ± 0.15 mmol/l) (P = 0.08 in generalized linear model analyses after adjustments for age, sex and BMI).
In conclusion, our study replicated associations of the ARHGEF11 polymorphism with increased risk of T2D or T2D/IGT in a German Caucasian population and thus supports previous data implicating a potential role of AR-HGEF11 in the aetiology of T2D and IGT. Further replication studies in different ethnic populations are necessary to confirm the effect of the R1467H variant on T2D.
